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1
DISC ROTOR FOR PREVENTING SQUEAL

This is a continuation of U.S. application No.

07/915,977, filed on Jul. 21, 1992, which was aban-
doned. |

BACKGROUND OF THE INVENTION

The present invention relates to a squeal preventing
disc rotor for effectively preventing a squeal from oc-
curring when a disc brake is operated.

In a disc brake in which a disc rotor rotating with an
axle 1s pressingly sandwiched between friction pads
operated by o1l pressure or the like to perform braking,
1t is known that an extremely uncomfortable high fre-
quency sound called a brake squeal is generated depend-
Ing on the hardness of the disc rotor, the affinity be-
tween the rotor and the friction pads, or the like, when
the disc rotor is pressingly sandwiched by the friction
pads.

As a countermeasure to the generation of such a high
frequency sound, a metal annular member is fitted in 2
disc rotor at its outer circumference as disclosed in
Japanese Patent Unexamined Publication No. Sho-56-
164236, or a hole or a groove is formed in a rotor at its
braking surface so as to shift a resonant point as dis-
closed in Japanese Utility Model Unexamined Publica-
tion No. Sho. 54-108880.

Recently, however, various kinds of materials have
been used as friction materials. For example, when a
materiai in a group of semi-metallic or non-asbestos is
used as friction pads, it is impossible to sufficiently sup-
press the squeal by means of the countermeasure for
suppressing vibrations as described above. In order to
Investigate the cause, a brake test was actually per-
tormed by use of friction of a group of semi-metallic or
non-asbestos materials. As a result, it was found that a
squeal is caused mainly due to a so-called longitudinal
wave (a compressional wave) in which the front and
rear surfaces of a rotor vibrate in the directions opposite
to each other. FIG. 7 shows the direction of wave trans-
mission in the rotor disc at arrow 70. Arrows 72 and 74
show the directions of vibration, and nodal lines of
vibration 76 are formed.
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The fact was proved by the detection that the reso- 45

nance pomt of a longitudinal wave obtained in an exci-
tation test for measuring a vibration characteristic of a
single rotor product as shown in FIG. 8 coincides with
the frequency of a squeal in an actual car test using pads
of a group of non-asbestos as shown in FIG. 9. This
result applied to an actual car test using pads of a group
of semi-metallic material.

FIG. 8 shows a vibration (longitudinal wave) applica-
tion test result. Arrow 80 in FIG. 8 shows the direction

50

of the longitudinal wave transmission. In the graph of 55

FIG. 8, the overplotted dark areas at points 82, 84 and
86 are the Second mode resonance, the Fourth mode
resonance, and the Sixth mode resonance, respectively,
for the resonance point corresponding to squeal and
resonance point of longitudinal wave. FIG. 9 shows an
actual car squeal test result, showing background noise
90, noise (squeal) corresponding to Second resonance
mode of longitudinal wave 92, Fourth mode of reso-
nance 94, and the Sixth mode of resonance 96.

As a result of a further experiment in which friction
pads of a group of non-asbestos were pressingly fitted
on each of disc rotors which were different in diameter
from each other and which were used in four actual cars
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(cars A, B, C and D) respectively to thereby investigate
the frequency characteristics, the data shown in FIG. 10
was obtaimned. Being apparent from FIG. 10, portions at
which noises are caused by longitudinal waves concen-
trate on resonance modes formed in even number or-
ders, that 1s, the second, fourth, and sixth orders. This is
because the frequencies in the other even number order
modes exceed the human audible range of frequency to
thereby cause no problem. The reason why noise is not
generated 1n any odd mode is that the odd number mode
has no resonance point because a disc or ring-like body
such as a rotor has no open end unlike a rod-like body
having open ends so that compressional waves circulat-
ing in the rotor solid body interfere with each other to
cancel the odd modes. FIG. 10 shows the calculated
frequency of the longitudinal waves of the sixth mode
106, the Fourth mode 104 and the Second mode 102 as
a function of the rotor outer diameter. FIG. 10 also
shows a depiction of the Second mode longitudinal
waves 112 and the Fourth mode longitudinal waves
114, as they travel around the disc rotor.

SUMMARY OF THE INVENTION

On the basis of the above, it is an object of the present
invention to effectively attenuate a brake squeal caused
mainly by a longitudinal wave as well as by a transverse
wave, only by the provision of a hollow hole or a hole
of a special shape or two rows of small circular holes of
a special arrangement in at least one circumferential
portion of the braking surfaces of a disc rotor.

In order to achieve the above object, in the solid
rotor according to the present invention, a hollow hole
is formed in the rotor in at least one position on its
circumference so as to extend from the radially outside
toward the inside so that the minimum thickness be-
tween the hollow hole and each of front and rear brak-
ing surfaces is selected to be not larger than 3 mm. In
the ventilated rotor, at least one of plural holes formed
radially 1n the rotor is shaped into an expanded hole so
that the minimum thickness between the hole and each
of front and rear braking surfaces is selected to be not
larger than 3 mm.

In another configuration of the present invention, in a
disc rotor, a first row of small circular holes respec-
tively having centers on any axis OX extending in a
desired radial direction from a center of the rotor, and
having the same shape are formed so as to penetrate
front and rear braking surfaces, and a second row of
small circular holes respectively having centers on a
second axis parallel to the first axis are similarly formed

SO as to penetrate the front and rear braking surfaces,
the first and second rows of small circular holes being
formed so as to satisfy the conditions of

d>C", d">C, and r'—r=0

where d’ and r’ represent a diameter and a radius of each
of the small circular holes in the first row, C’ represents
an intervals between the small holes in the first row, d”
represents a diameter of each of the small circular holes
in the second row, C” represents an interval between
the small holes in the second row, and represents the
shortest distance between the first axis and the small
circular holes in the second row.

When the friction pads pressingly sandwich the brak-
ing surfaces of the disc rotor so as to perform a braking
operation, it 1s possible to effectively attenuate a brake
squeal caused mainly by a longitudinal wave as well as
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by a transverse wave by a hollow hole or a cooling hole
of a special shape or two rows of small circular holes of
a special arrangement formed in at least one circumfer-
“ential portion of the braking surfaces of the disc rotor.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A and 1B are views showing an embodiment
of the present invention in the case where the disc rotor
1s a solid rotor, in which FIG. 1A is a plan view of the
rotor, and FIG. 1B is a partially broken side view of the
rotor.

FIGS. 2A and 2B are views showing a second em-
bodiment of the present invention in the case where the
disc rotor is a ventilated rotor, in which FIG. 2A is a
partially broken side view of the rotor, and FIG. 2B is
an enlarged view of a reduction hole.

FIG. 3 is a brake test result table showing the rela-
tionship between the squeal coefficient and the thick-
ness h'(h") of the portion of a braking surface in which
holes are formed.

FIGS. 4A, 4B and 4C are view showing a third em-
bodiment of the present invention in which small circu-
lar hole groups in two rows are formed in a disc rotor,
in which FIG. 4A is a plan view of a rotor, FIG. 4B is
a partially broken side view of the rotor, and FIG. 4C is
an enlarged view of small circular hole groups in two
TOWS.

FIG. 5 1s a brake test result table showing the rela-
tionship between the squeal coefficient and the arrange-
ment of the two rows of small circular holes.

FIG. 6 is a graph for comparing the differences in
squeal between the product according to the present
invention and the conventional one.

FI1G. 7 1s a view of analysis on vibrations of the disc
rotor due to longitudinal waves. -

FIG. 8 1s a view of analysis on vibrations onto a disc
rotor by longitudinal waves.

FIG. 9 shows the results of an actual car test using
non-asbestos pads.

FI1G. 10 1s a frequency characteristic data table exper-
imentally obtained by use of four disc rotors which
were different in diameter and which were actually
used on cars.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIGS. 1A and 1B show a first embodiment of the
present invention in the case where a disc rotor is a solid
rotor. A hollow hole 11 is formed in a solid rotor 10 in
at least one circumferential portion of the disc and
formed radially from the outside toward the inside. The
sectional shape of the hollow hole 11 may be not only
circular but square, rectangular, or oval.

FIGS. 2A and 2B show a second embodiment of the
present invention where a disc rotor is a ventilated
rotor, in which FIG. 2A is a sectional view of a rotor
and FIG. 2B 1s an enlarged view of a reduction hole 22.
At least one of a plurality of cooling holes 21 provided
radially 1n the ventilated rotor 20 for passing cooling air
therethrough is subjected to reduction work so as to
form a reduction hole 22 partially enlarged in its inner
hole portion (hereinafter referred to as a reduction
hole.)

‘The minimum thickness of each of the braking sur-
faces 12A and 12B of the rotor which remain after the
hollow holes 11 are formed are represented by h’ in the
first embodiment, and, on the other hand, the minimum
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thickness h” of each of the braking surfaces 23A and
23B of the rotor which remain after the reduction hole
22 1s formed is represented by h” in the second embodi-
ment. A test was performed to measure the generation
of resonant frequencies and the degree of braking squeal
while changing the thicknesses h’ and h”.

Here, the generation of resonant frequencies and the
degree of braking squeal were numerically defined as a
squeal coefficient Np, which 1s an accumulation of a
sound pressure (ubr) converted from a sound pressure
level (dB) representing the degree of noise due to a
squeal generated in one test.

Accordingly, the squeal coefficient Np is expressed
by

n
Np = 100/N _zl Pi
1=

Where, N, Pi, and n represent the number of times of
braking, a sound pressure (ubr) of a squeal, and the
number of times of generation of the noises, respec-
tively.

FI1G. 3 1s a table showing the results of a brake test
showing the degree of the squeal coefficient when the
thickness h’ or h” was changed. The results of the test
show that the squeal coefficient becomes large in a
range in which the thickness h' (h'") exceeds 3 mm, and
that there is no substantial effect for preventing a squeal
when the thickness h’' (h’’) increases beyond 3 mm.

FIG. 4A shows a third embodiment in which two
rows of small circular holes are formed in one circum-
ferential portion of a disc rotor so as to extend in the
radial direction, FIG. 4B is a partially broken side view
of the disc rotor, and FIG. 4C is an enlarged view
showing the two rows of small circular holes.

A first row of small circular holes (31Aa, 31Ab,
31Ac, 31Ad) and a second row of small circular holes
(31Ba, 31Bb, 31Bc) are formed in the disc rotor 30 so as
to be arranged in parallel to each other. Each of the
small circular holes penetrates to the front and rear
braking surfaces 32A and 32B. @

The small circular holes (31Aa, 31Ab, 31Ac, and
31Ad) 1n the first row respectively have circular sec-
tions having radii equal to each other and having cen-
ters on a first axis OX extending in a desired radial
direction from the center of the rotor. The small circu-
lar holes (31Ba, 31Bb, and 31Bc) in the second row
respectively have circular sections having radii equal to
each other and having centers on a second axis O'X’
parallel to the first axis OX.

Assuming that the diameter and radius of each of the
small circular holes in the first row are represented by d’
and r’; the interval between the small circular holes in
the first row is represented by C’; the diameter of each
of the small circular holes in the second row is repre-
sented by d"; the interval between the small circular
holes in the second row is represented by C”: and the
shortest distance between the first axis OX and the small
circular holes in the second row is represented by r, it
was then found from a result of the brake test that a
squeal was prevented effectively when the conditions of
d>C', d">C’, and r'—r=Z0 were satisfied. FIG. 5
shows the results of the brake test at that time, and
shows the relationship among C”, C', 4", d’, ' —r, and
the squeal coefficient. When r' —r was —2 or — 1.5, the
squeal coefficient was large (in the range B) even if d’
was larger than C". When d’ was equal to or smaller
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than C", the squeal coefficient was also large (in the
range C) even if r' —r was 1. However, the squeal was
eftectively reduced in the range A where d'>C”,
d”">C’, and r'—rZ0 (in the range a).

If the longitudinal wave vibration is mainly transmit-
ted to the disc rotor, squeals due to an even number
order resonance mode, that is, a resonance mode of the
second, fourth, sixth order or the like, can be effectively
attenuated by specially shaped hollow holes, reduced
holes, or two rows of small circular holes formed in a
disc rotor. Accordingly, it is possible to use various
kinds of friction pads selectively. FIG. 6 is a graph
comparatively showing the effects of the product ac-
cording to the present invention and the conventional
one. It 1s found that squeals can be effectively sup-
pressed by the product according to the present inven-
tion even in the case of using friction pads made of any
material of a semi-metallic group or a non-asbestos
group. Further, it is possible to provide a hollow hole,
a reduction hole, or two rows of small circular holes in
accordance with the type of a rotor, and those holes
may be merely formed in at least one portion on the
circumference of the rotor. Accordingly, manufactur-
ing time is greatly reduced.

What is claimed is:

1. A disc rotor arrangement for preventing squeal,
comprising;:

a ventilated rotor element having a plurality of holes
extending radially therein and being capable of
passing air therethrough, said rotor having a front
braking surface and a rear braking surface;

wherein at least one of said holes is an expanded hole

expanded 1n a direction toward said front and rear

braking surfaces relative to remaining ones of said
plurality of holes, said at least one hole radially
passing through said rotor between said front and
rear braking surfaces, said expanded hole reducing
a first minimum thickness between an inner surface
of said expanded hole and each of said front and
rear braking surfaces in an axial direction relative
to a second minimum thickness between an inner

10

15

20

25

30

35

surface of said remaining ones of said plurality of 45

holes and each of said front and rear braking sur-
faces in an axial direction.

2. A disc rotor arrangement for preventing squeal
according to claim 1, wherein said expanded hole is
curved in cross sectional area near each of said front
and rear braking surfaces.

3. A disc rotor arrangement for preventing squeal
according to claim 1, wherein said first minimum thick-
ness 1s not larger than about 3 mm.
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4. A disc rotor arrangement for preventing squeal
according to claim 1, including a plurality of said ex-
panded holes.

5. A disc rotor arrangement for preventing squeal
according to claim 1, wherein said expanded hole has a
cross section which provides a variable thickness in said
ventilated rotor element between said expanded hole
and each of said front and rear braking surfaces.

6. A disc rotor arrangement for preventing squeal,
comprising:

a ventilated rotor, said ventilated rotor having a ra-
dial outer surface and a radial inner surface, said
ventilated rotor having at least one expanded hole
and at least one unexpanded hole, each of said
expanded and unexpanded holes capable of having
air flow therethrough;

a front braking surface on said ventilated rotor, said
front braking surface having a radial width be-
tween said radial outer surface and said radial inner
surface; and

a rear breaking surface on said ventilated rotor, said
rear braking surface having a radial width between
said radial outer surface and said radial inner sur-
face:

wherein said at least one expanded hole is formed to
extend radially in said ventilated rotor from said
radial outer surface toward said radial inner sur-
face, said at least one expanded hole reducing a first
minimum thickness between an inner surface of
said at least one expanded hole and each of said
front and rear braking surfaces in an axial direction
relative to a second minimum thickness between an
mner surface of said unexpanded hole and each of
said front and rear braking surfaces in an axial
direction.

7. A disc rotor arrangement for preventing squeal
according to claim 6, wherein said at least one expanded
hole is curved in cross sectional area near each of said
front and rear braking surfaces.

8. A disc rotor arrangement for preventing squeal
according to claim 6, wherein said at least one expanded
hole has a cross sectional area which provides a variable
thickness in said ventilated rotor element between said
inner surface of said at least one expanded hole and each
of said front and rear braking surfaces.

9. A disc rotor arrangement for preventing squeal
according to claim 6, wherein said first minimum thick-
ness is not larger than about 3 mm.

10. A disc rotor arrangement for preventing squeal
according to claim 6, including a plurality of said ex-
panded holes.

11. A disc rotor arrangement for preventing squeal
according to claim 6, including a plurality of said unex-
panded holes.

* * x * *
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